The biotransformation of lithocholic acid by Pseudomonas sp. strain NCIB 10590 under anaerobic conditions was studied. The major products were identified as androsta-1,4-diene-3,17-dione and 3-oxochol-4-ene-24-oic acid. The minor products included 17l-hydroxyandrost-4-ene-3-one, 17fi-hydroxyandrosta-1,4-diene-3-one, 3-oxo-5j-cholan-24-oic acid, 3-oxochola-1,4-diene-24-oic acid, 3-oxopregn-4-ene-20-carboxylic acid, and 3-oxopregna-1,4-diene-20-carboxylic acid. Anaerobiosis increases the number of metabolites produced by Pseudomonas sp. NCIB 10590 from lithocholic acid.
There have been several reports of lithocholic acid (LA) metabolism by bacteria (3, 4, 7, 8) , but few which involve extensive degradation of the side chain.
Studies (4, 8) conducted under anaerobic conditions have shown that LA can be transformed by a wide range of bacterial species isolated from the rat intestine to give 3-oxo- 513-cholan-24-oic acid and 3p3-hydroxy-5p3-cholan-24-oic acid. Similar results were obtained by Borriello and Owen (3) , who demonstrated that LA could be converted to 3-oxo5r-cholan-24-oic acid by human mixed fecal bacteria and by Esu-herichtia, Bac-illhs, Serr1'atial, Chromobacterhiul, Protelus, Strepto(occlus, Ervinia, Enterobac-ter, and Klebsiella species.
Several studies have revealed that the metabolism of LA is more extensive under aerobic conditions. Hayakawa et al. (7) showed that LA can be converted to 3-oxochola-1,4-diene-24-oic acid by Arthroba(ter simplev. Nagasawa et al. (9) demonstrated the production of androsta-1,4-diene-3,17-dione (ADD) from LA by A. simplex, whereas Tenneson et al. (18, 19) demonstrated the production of 3-oxopregna-1,4-diene-20-carboxylic acid and ADD from LA by Pseudom)onoas sp. strain NCIB 10590 (NCIB 10590).
Degradation of the steroid nucleus has also been observed when LA was incubated with A. simplex (7) . In this case, a nonsteroidal product, (4R)-4-[4ox-(2-carboxyethyl)-3au.-hexahydro-7-ap-methyl-5-oxindan-1l-yl] valeric acid, was isolated.
It was shown previously that NCIB 10590 has the ability to utilize a wide range of bile acids as the sole carbon source under aerobic conditions (15) (16) (17) (18) (19) and furthermore that resting cell suspensions of the same organism can utilize bile acids under anaerobic conditions (10) (11) (12) 14) . Although a possible pathway of LA metabolism by bacteria was presented previously (18) , many of the proposed intermediates had not been isolated and identified. The present investigation was conducted to ascertain whether or not NCIB 10590 was capable of degrading LA under anaerobic conditions. The only previous report of extensive LA metabolism under anaerobic conditions was described by Tenneson et al. (20) , who showed that 3-oxopregna-1,4-diene-20-carboxylic acid and ADD could be produced by Escherichia coli. 6-week period in a mineral salts medium. The stability of the culture and the course of bile acid transformation were followed by measurements of cell density and concentration of 1.4-diene-3-oxo steroids. Cell density remained relatively constant throughout the experiment, dropping to 0.9 (absorbance at 540 nm) from an initial value of 1.0 (absorbance at 540 nm), whereas culture, pH, and viability were constant throughout. The concentration of 1,4-dien-3-oxo steroids in the medium did not reach a maximum until 4 weeks of fermentation and required 1 week of incubation before the induction of steroid-degrading enzymes occurred.
NCIB 10590 degraded LA under anaerobic conditions and yielded eight metabolites ( Table 1 ). The suggested structures are depicted in Fig. 1 and 2 .
The three neutral metabolites (2 through 4) were identical to androsta-1,4-diene-3.17-dione, 173-hydroxyandrost-4-ene-3-one, and 173-hydroxyandrosta-1.4-diene-3-one, respectively, in their spectroscopic and mass spectral properties.
The acidic fraction contained five metabolites. Metabolites 5 and 6 were identical to 3-oxochol-4-ene-24-oic acid and 3-oxochola-1.4-diene-24-oic acid, as described previously (10) . Metabolite 8 was identical to 3-oxopregna-1,4-diene-20-carboxylic acid, described in the aerobic catabolism of LA (19) . However, two of the acidic metabolites have not been described previously as aerobic or anaerobic catabolites of LA.
Metabolite 7 gave an intense ion (base peak) at rile/ 124 (100%) in its mass spectrum typical of a steroidal 4-ene-3-one A-ring structure (10) . Confirmation of the A-ring structure was provided by the UV spectrum (Xmax 242 nm, di-psubstituted ot3-unsaturated ketone, double-bond exocyclic) (12) and by the nuclear magnetic resonance spectrum (one vinylic proton at 5.71 6). Compound 7 could not be oxidized, acetylated, or reduced, suggesting the absence of both hydroxy and ketone groups. This was confirmed by the infrared spectrum. Metabolite 7 has therefore been assigned the structure 3-oxopregn-4-ene-20-carboxylic acid. The methyl ester of metabolite 9 gave a mass spectrum very similar to that of methyl-3-oxo-5,-cholanoate described by Eneroth et al. (6) following characteristic major ions: M+ 388 (99%), mle 231, 36% (M+ -6C-side chain + CH2CO), mle 273, 61% (M+ -115, 6C-side chain), and mle 373 23% (M+ -15, CH3). Metabolite 9 could nqt be oxidized or acetylated but was reduced to a compound which was identical to 3,3-hydroxy-53-cholan-24-oic acid. The lack of a hydroxyl group and the presence of a free ketone group were confirmed by the infrared spectrum. Metabolite 9 has, therefore, been assigned the structure 3-oxo-5p-cholan-24-oic acid.
DISCUSSION
The anaerobic catabolism of LA by NCIB 10590 differs substantially from aerobic catabolism. Aerobic metabolism gives predominantly neutral metabolites (19) , whereas under anaerobic conditions there is also significant accumulation of acidic metabolites. In this respect, LA biotransformation differs from that of other bile acids because during the catabolism of deoxycholic acid (1, 14) , chenodeoxycholic acid (12, 15) , cholic acid (11, 16) , and hyodeoxycholic acid (10, 17) by NCIB 10590 substantial accumulation of acidic steroids occurs under both aerobic and anaerobic conditions. It is probable that the nuclear hydroxyl functions present on the latter bile acids inhibit side-chain cleavage. This is best illustrated by the catabolism of deoxycholic acid (1, 14) . For side-chain cleavage of deoxycholic acid to occur, the 12ao-hydroxyl group has to be epimerized to a 121-hydroxyl group (1) . This causes appreciable accumulation of acidic steroids in the culture medium.
Aerobic catabolism of LA by NCIB 10590 (19) shows a close resemblance to cholesterol metabolism by the same organism (21) . During cholesterol metabolism, specific enzyme inhibitors, such as ot,ao'-dipyridyl and n-propanol, must be included in the medium for accumulation of both acidic and neutral steroid metabolites. Although enzyme inhibitors are not required for the accumulation of metabolites in aerobic LA metabolism, the metabolites are dominated by neutral steroids. It is apparent that the lack of nuclear hydroxyl groups on the acidic metabolites of LA and cholesterol enhances side-chain cleavage.
The present study shows that, under anaerobic conditions, the lack of molecular oxygen for 9ot-hydroxylation of the steroid nucleus is sufficient to cause inhibition of side-chain cleavage as evinced by the detection of metabolites 5 through 9 in the culture medium. Nevertheless, it is evident that NCIB 10590 is capable of degrading the bile acid nucleus under anaerobic conditions because more than 50% of the starting material could not be accounted for (Table 1) . A mechanism for nuclear degradation of 12ao-hydroxylated C19 compounds under anaerobic conditions has already been proposed (14) . However, it is difficult to envisage nuclear ring fission of molecules lacking hydroxy groups in the absence of molecular oxygen. This phenomenon requires further study.
However, it is evident (Fig. 3 ) that the metabolism of LA under anaerobic conditions by NCIB 10590 proceeds in a manner similar to that for other bile acids. To summarize, LA is initially oxidized to 3-oxo-5p-cholan-24-oic acid (metabolite 9) followed by nuclearsteroid oxidation yielding 3-oxochol-4-ene-24-oic acid (metabolite 5) which in turn can be oxidized at C1-C2 to give 3-oxochola-1,4-diene-24-oic acid (metabolite 6). Thereafter, the A-ring, unsaturated C24 intermediates are metabolized sequentially by 1-oxidation via C22 acidic intermediates (metabolites 7 and 8) to C19 neutral products (metabolites 2 through 4), as previously proposed (10) .
In conclusion, although NCIB 10590 is capable of degrading LA to a wider range of products under anaerobic conditions than under aerobic ones, the total yield is over 50% lower, whereas the time taken is significantly longer. Nevertheless, this study has enabled the isolation of several additional metabolites not previously recorded as products of LA metabolism. A possible pathway of LA metabolism by NCIB 10590 under anaerobic conditions is depicted in Fig. 3 
